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THIN FILM, METHOD AND APPARATUS FOR
FORMING THE SAME, AND ELECTRONIC
COMPONENT INCORPORATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. non-provisional
application Ser. No. 10/379,241 filed Mar. 4, 2003, now aban-
doned, which 1s a divisional of U.S. non-provisional applica-
tion Ser. No. 09/669,116 filed on Sep. 25, 2000, now U.S. Pat.
No. 6,602,559, which 1s a divisional of U.S. non-provisional
application Ser. No. 09/605,339 filed on Jun. 28, 2000, now
U.S. Pat. No. 6,488,985, which 1s a continuation of U.S.
non-provisional application Ser. No. 08/859,504 filed May

20,1997, now U.S. Pat. No. 6,153,259, the contents of which
are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to: a thin film suitable for use
as an electronic part; a method and an apparatus for forming

the thin film; and an electronic component incorporating the
thin film.

2. Description of the Related Art

Thin films have a very wide role 1n today’s society and are
applied to various kinds of daily products such as wrapping
paper, magnetic tape, capacitors or semiconductors. Without
these thin films, current high performance or size reducing
technology could not be achieved.

Methods for producing thin films that satisfy industrial
demands have been undergoing various developments, for
example, thin films earmarked for wrapping paper, magnetic
tape, capacitors, etc., are produced by combining a vacuum
vapor deposition process with a sequential rolling process
which 1s considered to have an advantage 1n high-speed mass
production. In such a method, a material to be deposited
(hereinafter, simply referred to as a “deposition material™)
and a material as a base substrate where the deposition mate-
rial 1s deposited are selected depending on the use of the thin
film. When necessary, reaction gas may be introduced into a
vacuum chamber or the base substrate may be provided with
an electric potential in order to form a thin film with the
desired characteristics.

A magnetic recording medium with long length can be
obtained by using a deposition material containing magnetic
clements (e.g., Co, N1 or Fe) and performing reaction depo-
sition while introducing an oxygen gas into the vacuum
chamber. In the case of a semiconductor, a sputtering method
1s generally used.

A thin film made of resin 1s formed by a coating method.
Reverse coating or die coating 1s industrially employed as a
method for providing a coating of resin on the base substrate.
Generally, a matenal 1s diluted with a solvent before being
coated, dried and cured on the base substrate. By a usual
coating method, the thickness of the coating material depos-
ited 1s generally several microns or more. Therefore, 1n order
to form an extremely sheer resin thin film (herein, a “sheer”
resin thin film refers to a “thin” resin thin film), the coating,
material needs to be diluted with a solvent. The lowest limit of
the thickness of the resin thin films formed by the above-
described methods 1s, in most of the cases, around 1 um. Even
when the coating material 1s diluted with the solvent, a resin
thin film with a thickness of 1 um or less 1s hard to obtain.
Additionally, dilution with a solvent tends to cause defects in
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2

the dried coating film and 1s associated with other problems
including environmental problems.

Recently, various composite thin films made from lami-
nated thin films of different kinds have become available and
have been used 1n various industrial fields. An application of
composite thin films as chip-shaped electronic components
has been recerving much attention. The composite thin films
allow for the size reduction of, while still maintaining a high
performance, for example, capacitors, coils, resistors or com-
bined components thereof and have already been produced
and the market for such products 1s expanding.

As described above, various methods are available for
forming resin thin films. However, by the general coating
method, the thickness of the coating material would be sev-
eral microns or more at the thinnest. Therefore, 1n order to
form an extremely sheer resin thin {ilm, the coating material
needs to be diluted with a solvent. Even when the coating
material 1s diluted with a solvent, a resin thin film with a
thickness of 1 um or less 1s hard to obtain. Additionally,
dilution with a solvent tends to cause defects in the dried
coating film and 1s associated with other problems including
environmental problems.

In the case of a laminate film, adhesion between the film
layers 1s important as well as the performance of each film
layer. Insuilicient adhesion between the film layers will cause
a minor separation between the film layers during subsequent
production steps or during actual usage. Such a minor sepa-
ration often results 1n separation of the entire adhesion area
between the film layers. Therefore, from a practical stand-
point, such a problem needs to be solved.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a method
for forming a thin film includes the steps of: supplying a
deposition material 1n the form of a liquud onto a heated
surface; heating and vaporizing the deposition material on the
heated surface while the deposition material 1s undergoing
movement; and depositing the deposition material onto a
deposition surface. The deposition material 1s supplied onto a
position of the heated surface where the vaporized deposition
material does not reach the deposition surface.

In one embodiment of the present invention, the deposition
material on the heated surface 1s carried 1n accordance with a
rotational movement of the heated surface.

In another embodiment of the present invention, the step of
supplying the deposition material in the form of a liquid onto
the heated surface includes a step of supplying the deposition
material 1 either an atomized state or a vaporized state.

In still another embodiment of the present invention, the
step of supplying the deposition material includes one of the
steps of: ultrasonic atomizing; spraying atomizing; mechani-
cal atomizing; and evaporating.

In yet still another embodiment of the present invention,
the step of supplying the deposition material, the step of
heating and vaporizing and the step of depositing the depo-
sition material onto the deposition surface are conducted 1n a
vacuum state.

In still another embodiment of the present invention, the
deposition material 1s a curable resin material. The method
turther includes, following the step of depositing the deposi-
tion material onto the deposition surface, a step of curing the
deposited deposition material.

In still another embodiment of the present invention, the
method turther includes a step of forming another layer made
of a material different from the deposition material on a resin
thin film made from the cured deposition material.
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In still another embodiment of the present invention, the
step of supplying the deposition material 1s conducted 1n a
vacuum state that 1s different from a vacuum state for the step
ol curing the deposited deposition material and the step of
forming another layer made of the material different from the
deposition material on the resin thin film made from the cured
deposition material.

In still another embodiment of the present invention, the
method includes a step of alternately conducting a step of
forming the resin thin film and a step of forming another layer.

In still another embodiment of the present invention, the
deposition material on the heated surface 1s carried by run-
ning the deposition material along the heated surface.

In still another embodiment of the present invention, the
method includes a step of running the deposition material on
a plurality of heated surfaces, said heated surfaces being at
different temperatures.

In still another embodiment of the present invention, a
region of the heated surface where the deposition material in
the form of a liquid i1s supplied 1s maintained at a lower
temperature than a temperature of other regions of the heated
surface.

In still another embodiment of the present invention, the
deposition material moves 1n the form of a liquid on the
plurality of heated surfaces.

In still another embodiment of the present invention, the
method turther includes the steps of: supplying the deposition
material on the heated surface undergoing rotational move-
ment; and carrying the deposition material by rotating the
heated surface.

In still another embodiment of the present invention, the
method further includes a step of collecting part of the depo-
sition material 1n the form of a liquid that 1s carried along the
heated surface of a container.

According to another aspect of the present invention, the
method for forming a thin film 1mncludes a step of depositing a
deposition material onto a deposition surface. The method
turther 1includes, prior to depositing the deposition material
onto the deposition surface, a step of radiating a charged
particle beam onto at least one of the deposition material or
the deposition surface.

In one embodiment of the present invention, the step of
depositing the deposition material on the deposition surface
includes a step of depositing at least one of the deposition
material which 1s 1n either an atomized state or a vaporized
state, onto the deposition surface.

In another embodiment, the step of depositing includes one
of the steps of: ultrasonic atomizing; spraying atomizing;
mechanical atomizing; and evaporating.

In still another embodiment, the step of evaporating
includes a step of supplying the deposition material in the
form of a liquid to the heated surface, and the step of supply-
ing the deposition material 1s a step of supplying the deposi-
tion material which 1s 1n either an atomized state or a vapor-
1zed state, onto the deposition surface.

In yet still another embodiment of the present invention,

the charged particle beam includes at least one of an electron
beam or an 10n beam.

In still another embodiment of the present invention, an
acceleration voltage of the charged particle beam 1s about 50
V or more.

In still another embodiment of the present invention, the
deposition material 1s a curable resin material. The method
turther includes, following the step of depositing the deposi-
tion material onto the deposition surface, a step of curing the
deposited deposition material.
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In still another embodiment of the present invention, a
viscosity of the curable resin material at a normal temperature
and a normal pressure 1s 1n a range of about 30 cps to about
300 cps.

In still another embodiment of the present invention, the
step of depositing the deposition material onto the deposition
surface and the step of radiating the charged particle beam are
conducted 1n different vacuum states.

According to another aspect of the present invention, a
method for forming a resin thin film and a metal thin film
under a vacuum condition includes the steps of: forming the
resin thin film; performing a discharge treatment by exposing
the resin thin film to a discharge atmosphere containing oxy-
gen gas; and forming the metal thin film on the resin thin film.

In one embodiment of the present invention, the step of
forming the resin thin film, the step of performing the dis-
charge treatment and the step of forming the metal thin film
are sequentially conducted in a vacuum atmosphere.

In another aspect of the present invention, a method for
forming a resin thin film and a metal thin film 1ncludes the
steps of: depositing an ultraviolet curable resin; forming the
cured resin thin film which 1s incompletely cured by radiating
ultraviolet light onto the ultraviolet curable resin 1n a atmo-
sphere containing oxygen gas; and forming the metal thin
film on the resin thin film.

In one embodiment of the present invention, the step of
forming the metal thin film 1s conducted by employing an
clectron beam deposition method.

In another embodiment of the present invention, the step of
forming the metal thin film 1ncludes a step of depositing a
metal thin film while radiating an electron beam onto the resin
thin film.

In another embodiment of the present invention, the ultra-
violet curable resin includes an acrylic-type resin.

In another embodiment of the present invention, the
method further includes a step of alternately conducting a
step of forming the resin thin film and a step of forming the
metal thin film.

According to another aspect of the present invention, a thin
film formation apparatus includes: a heater having a heated
surface for heating and vaporizing a deposition material while
carrying the deposition maternial; a supplier which supplies
the deposition material to the heated surface; a support body
which maintains a substrate with a deposition surface such
that the deposition material which 1s vaporized 1s deposited
onto the deposition surface; and a curing device which cures
the deposition material on the deposition surface. The depo-
sition material 1s supplied at a position of the heated surface
where the vaporized deposition material does not reach the
deposition surface.

In one embodiment of the present invention, the heater
includes the heated surface which rotates and carries the
deposition material supplied to the heated surface at a posi-
tion where the deposition material, when vaporized, directly
reaches the deposition surface.

In another embodiment of the present invention, the heater
1s a heated roller having the heated surface.

In still another embodiment of the present invention, the
heater 1s a heated belt having the heated surface.

In yet still another embodiment of the present invention,
the film formation apparatus further includes a supplier for
supplying the deposition material which is in either an atom-
1zed state or a vaporized state, to the prescribed position.

In still another embodiment of the present invention, the
supplier includes one of an ultrasonic atomizing device; a
spray atomizing device; a mechanical atomizing device; and
an evaporating device.
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In still another embodiment of the present invention, the
heated surface of the heater 1s tilted so that the deposition
material supplied to the heated surface tlows, the deposition
material being heated and vaporized while moving thereon.

In still another embodiment of the present invention, the
f1lm formation apparatus further includes an obstruction wall
between the position where the deposition material 1s sup-
plied to the heated surface and the deposition surface, so that
the deposition material 1s prevented from reaching the depo-
sition surface in a linear manner.

In still another embodiment of the present invention, the
f1lm formation apparatus further includes a second heater, the
second heater having a first heated surface which rotates and
receives the deposition material on the first heated surface
from the heater and heats and vaporizes the deposition mate-
rial while carrying the deposition material.

In still another embodiment of the present invention, the
other heater includes at least one of a heated roller having a
heated surface and a heated belt having a heated surface.

In still another embodiment of the present invention, the
thin film formation apparatus further includes a container for
collecting the deposition material.

In still another embodiment of the present invention, the
thin film formation apparatus further includes a vacuum
chamber. The vacuum chamber has the heater, the support
body and the curing device, the supplier supplies the deposi-
tion material to the heated surface of the heater from outside
of the vacuum chamber.

In still another embodiment of the present invention, the
curing device mncludes at least one of a UV light radiation

device, an electron beam radiation device and a thermosetting
device.

In still another embodiment of the present invention, the
curing device includes a UV light radiation device and an
oxygen gas inlet provided in the UV light radiation device.

According to another aspect of the present invention, a thin
f1lm formation apparatus includes: a first supplier which sup-
plies a deposition material that 1s atomized or vaporized; a
support body which maintains a substrate with a deposition
surface such that the deposition material which 1s atomized or
vaporized 1s deposited onto the deposition surface; and a
device for radiating a charged particle beam onto at least one
of the deposition material and the deposition surface.

In one embodiment of the present invention, the first sup-
plier includes one of an ultrasonic atomizing device; a spray
atomizing device; a mechanical atomizing device; and an
evaporating device.

In another embodiment of the present invention, the thin
film formation apparatus having the first supplier with the
heated surface for vaporizing the deposition material further
includes a second supplier supplying at least one of the depo-
sition material which 1s atomized and the deposition material
which 1s vaporized on the heated surface of the first supplier.

In still another embodiment of the present invention, the
charged particle radiation device includes at least one of an
clectron beam radiation device and an 10n beam radiation
device.

In yet still another embodiment of the present mnvention,
the thin film formation apparatus further includes a curing
device for curing the deposition material deposited on the
deposition surface, the curing device having at least one of an
UV light radiation device, an electron radiation device and a
thermosetting device.

According to another aspect of the present invention, a thin
film formation apparatus for continuously forming a resin
thin film and a metal thin film 1n a vacuum state 1s provided.
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The surface of the resin thin film 1s exposed to discharge
atmosphere containing oxygen gas after the resin thin film 1s
formed.

According to another aspect of the present invention, a thin
film formation apparatus for continuously forming a resin
thin film and a metal thin film 1n a vacuum state, includes a
UV light radiation device for radiating the surface of the resin
thin film with UV light 1n atmosphere containing oxygen after
the resin thin film 1s formed.

According to another aspect of the present invention, a thin
{1lm has an interface between a resin thin film and a metal thin
film which are laminated. A concentration of oxygen 1in the
vicinity of the interface between the resin thin film and the
metal thin film 1s higher than a concentration of oxygen 1n a
middle portion of the resin thin film 1n 1ts thickness direction.

In one embodiment of the present mnvention, the concen-
tration of oxygen 1n the vicinity of the interface 1s about 1.3
times or more the concentration of oxygen 1n a middle portion
of the resin thin film 1n 1ts thickness direction.

In another embodiment of the present invention, the resin
thin {ilm contains at least one acrylate monomer.

In still another embodiment of the present invention, the
resin thin film and the metal thin film are alternately lami-
nated.

According to another aspect of the present invention, an
clectronic component having the above-described thin film 1s
provided.

In one embodiment of the present invention, the thickness
of the metal thin film 1s 1n a range of about 50 nm to about
2000 nm, and the thickness of the resin thin film 1s 1n a range
of about 0.05 to about 3 um.

In another embodiment of the present invention, the metal
thin film 1s a stripe-like thin film.

In still another embodiment of the present invention, the
metal thin film 1ncludes a layer made of different metal mate-
rials.

In yet still another embodiment of the present invention,
the thickness of the metal thin film 1s 1n a range of about 15 to
about 100 nm, and a thickness of a resin thin film 1s 1n a range
of about 0.05 um to about 1 um.

In still another embodiment of the present mvention, an
outermost layer of the resin thin film 1s thicker than the other
resin thin film layers.

Thus, the invention described herein makes possible the
advantage of: (1) providing a method and an apparatus for
forming a high-quality resin thin film suitable for use as an
clectronic component or the like, the method requiring no
solvent and thus realizing superior productivity of the thin
film and environmental protection; (2) providing a method
and an apparatus for forming a resin thin film having superior
flatness so as to provide a high-performance electronic com-
ponents; and (3) providing a method and an apparatus for
forming a laminate film with strong adhesion between the
film layers so as to provide a highly-reliable high-perfor-
mance electronic components.

These and other advantages of the present mnvention waill
become apparent to those skilled 1n the art upon reading and

understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing one example of a thin
film formation apparatus for forming a thin film according to
a first aspect of the present invention;
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FIG. 2 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 3 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 4 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 35 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 6 1s a schematic view showing a thin film formation
apparatus according to a comparative example;

FIG. 7 1s a schematic view showing one positional rela-
tionship of a first supplying device and a heated roller 1n a thin
film formation apparatus according to the first aspect of the
present invention;

FIG. 8 1s a schematic view showing another positional
relationship of a first supplying device and a heated roller in
a thin film formation apparatus according to the first aspect of
the present invention;

FIG. 9 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 10 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 11 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FI1G. 12 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FI1G. 13 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FI1G. 14 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 15 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FIG. 16 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FI1G. 17 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the first aspect of the present invention;

FI1G. 18 15 a schematic view showing one example of a thin
f1lm formation apparatus for forming a thin film according to
a second aspect of the present invention;

FI1G. 19 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FIG. 20 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FI1G. 21 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FI1G. 22 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FI1G. 23 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;
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FIG. 24 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-

ing to the second aspect of the present invention;

FIG. 25 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FIG. 26 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to the second aspect of the present invention;

FIG. 27 1s a schematic view showing one example of a thin
film formation apparatus for forming a thin film according to
a third aspect of the present invention;

FIG. 28 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to a third aspect of the present invention;

FIG. 29 1s a schematic view showing another example of a
thin film formation apparatus for forming a thin film accord-
ing to a third aspect of the present invention;

FIG. 30 1s a graph showing an exemplary depth profile of
an oxygen concentration of a thin film according to the
present invention;

FIG. 31 1s a graph showing a relationship between oxygen
concentrations (intensity) and adhesion strengths at an inter-
face of a resin thin film and a metal thin film;

FIG. 32A 1s a cross-sectional view showing an exemplary
clectronic component incorporating a resin thin film (lami-
nate film) according to the present mnvention;

FIG. 32B 1s an 1sometric view showing an exemplary elec-
tronic component mcorporating a resin thin (laminate) film
according to the present ivention;

FIG. 33 A 1s a cross-sectional view showing another exem-
plary electronic component incorporating a resin thin (lami-
nate) film according to the present mvention; and

FIG. 33B 1s an 1sometric view showing an exemplary elec-
tronic component mcorporating a resin thin (laminate) film
according to the present invention.

(L]
Y

ERRED

DESCRIPTION OF THE PR.
EMBODIMENTS

According to a first aspect of the present invention, a
method for producing a thin film 1ncludes the steps of heating
and vaporizing a deposition material while changing the posi-
tion thereof. The deposition material 1n the form of a liquid
(1.e.,1n a liquid state) 1s applied to a position where i1t does not
reach a deposition surface of a base substrate (1.e., a surface
where the deposition material 1s to be finally deposited) when
evaporated, whereby the deposition material 1s heated and
vaporized while being carried. While the deposition material
1s heated, vaporized and carried to a position where 1t can
reach a deposition surface of a base substrate, anomalous
particles (i1.e., coarse particles) of the deposition material
resulting from rapid heating and vaporization of the deposi-
tion material in an excessive manner can be controlled. As a
result, a uniform high-quality resin thin film which 1s
extremely thin can be formed on the base substrate (e.g., a
{1lm).

The deposition material may be applied onto a moving,
surface of a heated body (1.e., a heated surface) to be heated to
a desired temperature and vaporized while the deposition
material 1s carried by the moving heated surface. In this case,
the deposition material, 1n the form of a liquid, 1s mitially
applied to a position on the moving heated body where the
vaporized deposition material cannot reach a deposition sur-
face of a base substrate. Preferably, the deposition material 1s
applied to the moving heated surface by being atomized and/
or vaporized. Atomization and/or vaporization of the deposi-
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tion material allows a small amount of the deposition material
to be supplied to the heated surface at a steady rate. In this

case, generation of anomalous particles can be further con-
trolled.

Furthermore, the deposition material, in the form of a lig-
uid, may also be supplied to a tilted heated surface so that the
deposition material runs (1.e., flows) onto the heated surface
while being heated to a desired temperature and vaporized. In
this case, the liquid deposition material 1s mnitially applied to
a position on the heated surface where the vaporized deposi-
tion material cannot reach a deposition surface of a base
substrate. The heated surface may be inclined and vibrated
(for example, 1n a seesaw-like motion). Vaporization (evapo-
ration) of the running deposition material allows for an
enhanced and steady vaporization rate.

The above-described methods can be used individually or
in combination.

Hereinafter, Examples 1 through 9 and Examples 10
through 14 will be described to explain the first aspect of the
present invention.

In Examples 1 through 9, the steps of heating and vapor-
1zing the flowing deposition material are conducted by apply-
ing a liguid deposition material to a moving heated surface.
By doing so, the deposition material on the heated surface can
be heated to a desired temperature and vaporized while the
heated surface 1s moving. In Examples 1 through 9, an acrylic
resin thin {ilm 1s formed on an Al deposition film. Hereinafter,
the surface of the base substrate where the resin thin film 1s to
be deposited will be referred to as a deposition surface.

Example 1

FIG. 1 1s a schematic view showing a thin {ilm formation
apparatus 100 according to Example 1 of the present mnven-
tion. Hereinalter, components having substantially the same
functions are denoted by the same reference numerals.

An Al deposition film 3 runs from an dispensing roller 1
through a guiding roller 6 to a cylindrical can 4. The Al
deposition film 3 runs along the round surface of the cylin-
drical can 4, continuing through another guiding roller 6 and
1s taken up by a receiving roller 8. In FIG. 1, the running
direction of the Al deposition film 3 1s represented by the
arrows 2a. A deposition material (acrylic monomer) 1s sup-
plied to the Al deposition film 3 running along the round
surface of the cylindrical can 4 exposed between shielding
plates 5. The deposition material 1s then cured by being
exposed to an UV radiation device 7, thereby forming an
acrylic resin thin film.

A deposition material supplying section 110 of the thin
f1lm formation apparatus 100 according to Example 1 of the
present invention includes an ultrasonic oscillator 10 and a
heated roller 11. The liquid deposition material delivered
from a liquid delivery tube 9 to the ultrasonic oscillator 10 1s
atomized by the ultrasonic oscillator 10 1n order for applica-
tion to the surface of the heated roller 11. The heated roller 11,
at a desired temperature, 1s rotated in the direction repre-
sented by the arrow 2b6. The deposition material on the heated
roller 11 1s heated to a desired temperature and vaporized
from the surface thereot while the heated roller 11 1s continu-
ously rotating in the direction represented by the arrow 256 so
as to be deposited on the surface of the Al deposition film 3
(1.e., the deposition surface).

The particles of the deposition material generated by the
ultrasonic vibration of the ultrasonic oscillator 10 are rela-
tively large. The diameter of each particle 1s several microns
with some of them having a diameter of several tens of
microns. Herein, particles having a diameter of 3 um or more
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are referred to as anomalous particles. When such anomalous
particles are directly deposited on the Al deposition film 3, an

uneven thickness of the film and/or defects in the film occur.
According to Example 1, the particles of the deposition mate-
rial generated by the ultrasonic oscillator 10 are, at first,
applied to the surface of the heated roller 11 so that the
deposition material 1s not directly deposited on the Al depo-
sition film 3. The deposition material on the surface of the
heated roller 11 1s heated until vaporized and carried up to the
upper part of the heated roller 11 where the vaporized depo-
sition material 1s deposited on the Al deposition film 3. The
portion of the heated roller 11 applied with the deposition
matenal (1.e., the lower halt of the heated roller 11) does not
face the deposition surface of the Al deposition film 3. There-
fore, even 1n the case where anomalous particles of the depo-
sition material are rapidly heated by the heated roller 11 1n an
excessive manner and regenerate anomalous particles, the
anomalous particles are prevented from reaching the surface
of the Al deposition film 3.

The rate of supply of the deposition material can be con-
trolled by adjusting a valve 12 on the liquid delivery tube 9,
the output of the ultrasonic oscillator 10, or the size, the
temperature and/or rotation rate of the heated roller 11. For
example, the radius of the heated roller 11 (e.g., about 120
mm) 1s set to be about 0.3 times the radius of the can 4 (e.g.,
about 400 mm to about 300 mm). The effective widths of the
can 4 and the heated roller 11 are set to be, for example, about
500 mm. The rotation rates of the heated roller 11 and the can
4 are set to be, for example, about 100 rpm and about 2 to 3
rpm, respectively. These conditions can be suitably set
depending on the application, by taking into consideration the
s1ze, thickness, property of the deposition maternal (evaporat-
ing temperature, evaporation rate, viscosity, etc.) and the like
of the thin film to be formed. The temperature of the heated
roller 11 1s not limited to the temperature 1llustrated herein
and can be changed depending on the material to be used or
the conditions chosen for film formation. Basically, the
heated roller 11 can be rotated either 1n a clockwise direction
or 1n an anticlockwise direction. These options equally apply
to the case of the later-described examples according to the
present invention.

According to Example 1, a polyethylene terephthalate film
having a thickness of about 2 um with an Al layer having a
thickness of about 30 nm formed thereon 1s used as the Al
deposition film 3. 1,9-nonanediol diacrylate mixed with 10%
by weight of a photopolymerization imitiator 1s used as the
deposition material. The temperature of the heated roller 11 1s

set to be 130° C.

Example 2

FIG. 2 1s a schematic view showing a thin film formation
apparatus 200 according to Example 2 of the present inven-
tion. The thin film formation apparatus 200 differs from the
thin film formation apparatus 100 according to Example 1 in
that 1t has a deposition material supplying section 210 with a
structure different from that of the deposition material sup-
plying section 110.

The deposition material supplying section 210 includes a
heated evaporation source 13 and a heated roller 11. The
heated evaporation source 13 1s provided with a container 14a
and heaters 145. A liquid deposition material delivered from
a liquid delivery tube 9, 1s heated to a desired temperature and
vaporized so as to be applied on the surface of a heated roller
11.

The heated evaporation source 13 rapidly heats the liquid
deposition material delivered from the liquid delivery tube 9
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and thus may generate anomalous particles (droplets having
larger particle sizes) due to the bumping phenomenon.
According to Example 2, such anomalous particles are not
directly deposited on the Al deposition film 3 but first, they are
deposited on the surface of the heated roller 11. Accordingly,
the same effect as that of Example 1 can be obtained.

According to Example 2 of the present invention, a poly-
cthylene terephthalate film having a thickness of 5 um with an
Al layer having a thickness of 50 nm formed thereon 1s used
as the Al deposition film 3. Dimethylol-tri-cyclodecane dia-
crylate mixed with 0.5% by weight of a photopolymerization
initiator 1s used as the deposition material. The temperatures
of the heated roller 11 and the heated evaporation source 13
are set to be 110° C. and 150° C., respectively. Alternatively,
the heated roller 11 and the heated evaporation source 13 may
be setto the same temperature. The temperatures of the heated
roller 11 and the heated evaporation source 13 may be suit-
ably set so that the difference between the temperatures falls
within about 50° C., either one of the temperatures being
higher.

Example 3

FIG. 3 1s a schematic view showing a thin film formation
apparatus 300 according to Example 3 of the present inven-
tion. The thin film formation apparatus 300 ditfers from the
thin film formation apparatus 100 according to Example 1 of
the present invention in that 1t has a deposition material sup-
plying section 310 with a structure different from the depo-
sition material supplying section 110 and an electron beam
radiation device 16 for curing acrylic monomer.

The deposition material supplying section 310 1s provided
with a spray nozzle 15. A liquid deposition material supplied
from a liquid delivery tube 9 1s atomized by the spray nozzle
15 so as to be applied on the surface of a heated roller 11.

The si1ze of the particles formed by the spray nozzle 15 are
relatively large. Each particle has a diameter of about several
microns or more with some particles having a diameter of
about several tens of microns. When such anomalous par-
ticles are directly deposited on the Al deposition film 3, an
uneven thickness of the film and/or defects in the film occur.
According to Example 3 of the present invention, the particles
ol the deposition material formed by the spray nozzle 15 are,
at first, supplied to the surface of the heated roller 11 to avoid
direct deposition onto the Al deposition film 3. Accordingly,
the same eflect as that of Example 1 can be obtained.

According to Example 3, a polyethylene terephthalate film
having a thickness of about 4 um with an Al layer having a
thickness of about 70 nm formed thereon 1s used as the Al
deposition film 3. A mixture of 1,9-nonanediol diacrylate and
dimethylol-tri-cyclodecane diacrylate 1n a weight ratio of 1:1
1s used as the deposition material. The temperature of the

heated roller 11 1s set to be 120° C.

Example 4

FIG. 4 1s a schematic view showing a thin film formation
apparatus 400. The thin film formation apparatus 400 differs
from the thin film formation apparatus 100 according to
Example 1 of the present invention 1n that it has a deposition
material supplying section 410 with a structure different from
the deposition material supplying section 110.

The deposition material supplying section 410 of the thin
film formation apparatus 400 includes a mechanical atomi-
zation device 17. A liquid deposition material delivered from
a liquid delivery tube 9 1s atomized by the mechanical atomi-
zation device 17 so as to be applied on the surface of a heated
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roller 11. Although the mechanical atomization device 17
used 1n Example 4 consists of two opposing rotating wings, 1t
can be replaced with other known devices.

The size of the particles formed by the mechanical atomi-
zation device 17 are relatively large. Each particle has a
diameter of about several microns or more with some par-
ticles having a diameter of about several tens of microns.
When such anomalous particles are directly deposited on the
Al deposition film 3, an uneven thickness of the film and/or
defects 1n the film occur. According to Example 4 of the
present 1nvention, the particles of the deposition material
formed by the mechanical atomization device 17 are, at {irst,
supplied onto the surface of the heated roller 11 to avoid direct
deposition onto the Al deposition film 3. Accordingly, the
same eflect as that of Example 1 can be obtained.

According to Example 4, a polypropylene sulfide film hav-
ing a thickness of about 12 um with an Al layer having a
thickness of about 50 nm formed thereon 1s used as the Al
deposition film 3. Isobornyl acrylate mixed with 1% by
weight of photopolymerization 1nitiator 1s used as the depo-

sition material. The temperature of the heated roller 11 1s set
to be 80° C.

Example 5

FIG. 5 1s a schematic view showing a thin film formation
apparatus 300 according to Example 5 of the present inven-
tion. The thin film formation apparatus 500 differs from the
thin {ilm formation apparatuses 100 through 400 according to
Examples 1 through 4 1n that a deposition material supplying
section 310 1s not provided with a first supplying device for
applying a vaporized or an atomized deposition material to a
heated roller 11 (1.e., the ultrasonic oscillator 10 1n Example
1, the heated evaporation source 13 1n Example 2, the spray
nozzle 15 1n Example 3 and the mechanical atomization
device 17 in Example 4).

According to Example 5, the liquid deposition material 1s
directly applied to the surface of the heated roller 11 from the
liquid delivery tube 9. The deposition material 1s supplied on
the lower half of the surface of the heated roller 11 (1.e., the
portion of the surface that does not oppose the deposition
surface of the Al deposition film 3). As a result, even when
anomalous particles of the deposition material are generated
due to rapid heating by the heated surface of the heated roller
11, the anomalous particles are not directly deposited on the
surface of the Al deposition film 3. Since the liquid deposition
material 1s directly supplied to the surface of the heated roller
11, anomalous particles may be directly deposited onto the
deposition surface due to rotation of the heated roller. There-
fore, greater amounts of anomalous particles may be depos-
ited onto the deposition surface as compared to the methods
according to Examples 1 through 4, but less when compared
to a conventional method where no heated roller 1s used.

According to Example 5 of the present invention, a poly-
cthylene terephthalate film having a thickness of about 5 um
with an Al layer having a thickness of about 50 nm thereon 1s
used as the Al deposition film 3. Dimethylol-tri-cyclodecane
diacrylate mixed with 0.5% by weight of photopolymeriza-
tion 1nitiator 1s used as the deposition material. The tempera-
ture of the heated roller 11 1s set to be 150° C.

Comparative Example 1

A resin thin film was formed under the same conditions as
those 1n Example 1 using an apparatus that is substantially the
same as apparatus 100, according to Example 1, except that
no heated roller 11 was used.
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Comparative Example 2

A resin thin film was formed under the same conditions as
those 1n Example 2 using an apparatus that 1s substantially the
same as apparatus 200, according to Example 2, except that
no heated roller 11 was used.

Comparative Example 3

A resin thin film was formed under the same conditions as
those 1n Example 3 using an apparatus that 1s substantially the
same as apparatus 300, according to Example 3, except that
no heated roller 11 was used.

Comparative Example 4

A resin thin film was formed under the same conditions as
those 1n Example 4 using an apparatus that 1s substantially the
same as the apparatus 400, according to Example 4, except
that no heated roller 11 was used.

Comparative Example 5

FIG. 6 1s a schematic view showing a thin {ilm formation
apparatus 550 according to Comparative Example 5. The thin
f1lm formation apparatus 550 1s substantially the same as the
thin {ilm formation apparatus 500, according to Example 5 of
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running rate of the Al deposition film 3. Resin thin films
having a thickness of about 0.1 um and about 0.8 um were
observed for an area of 5 cmx5 cm by an optical microscope.
The maximum particle size of the anomalous particles and the
number of the anomalous particles having a diameter of about
3 um or more were observed. When a large amount of anoma-

lous particles were present within the area, an area of 1 cmx1

cm was observed and the obtained value was multiplied by
25. The thickness of each film was measured by peeling oif a
part of the resin thin film by use of adhesive tape, etc. and the

cross-section of the peeled resin thin film was observed
through an electron microscope.

An Al layer (1 cmx1 cm) having a thickness of 100 nm was
further formed on each of the resin thin films. Accordingly,
this film has three layers. A first Al layer (the Al deposition
film 3), a resin thin film and a second Al layer. The two Al
layers sandwich the resin thin film so as to enable the Al layers
to be used as electrodes. Resistance under the application of a
DC voltage of 5V was measured in order to evaluate the
insulation characteristics of the film. The thickness of the Al
layer of the Al deposition film 3 was set to 50 nm. The results
are shown in Table 1. Even when a polymer film with no Al
deposition layer was used as the base substrate, the maximum
s1zes (diameters) and the numbers of the anomalous particles
showed little difference from the above-mentioned results.

TABL

1

(Ll

Results of the Evaluation of the Resin Thin Films
(Examples 1-5 and Comparative Examples 1-5)

Example 1
Example 2
Example 3
Example 4
Example 5

Comparative

Example 1

Comparative

Example 2

Comparative

Example 3

Comparative

Example 4

Comparative

Example 5

the present invention, except that the deposition material sup- 55

plying section 560 has a different structure from that of the

deposition material supplying section 5310 of the apparatus
500. The deposition material supplying section 360 includes

a liquid delivery tube 9 arranged such that the liquid deposi-
tion material 1s supplied on the upper half surface of the
heated roller 11 (i.e., the surface opposing the deposition
surface of the Al deposition film 3). Other than that, a resin
thin film 1s formed under the same conditions as those of
Example 5.

Resin thin films of various thickness were formed accord-
ing to each of the methods described in Examples 1 through 5
and Comparative Examples 1 through 5 while varying the

60

65

Thickness 0.1 um Thickness 0.8 um

Number Maxiumum Number Maximum
of particle of particle
anomalous size Resistance anomalous S17¢ Resistance
particles (Lm) (£2) particles (um) (£2)
12 R 5% 10° R0 10 3 x 10°
10 6 2 x 10° 60 R 1 x 10°
20 30 1 x 10% 150 40 5 % 10°
18 30 1 x 10° 120 30 1 x 107
32 35 1 x 10° 160 40 1 x 107
90 14 2 x 10% 650 20 5 % 10°
125 12 8 x 10° 950 16 1 x 10°
450 50 <5 2800 75 <5
275 45 <5 1650 60 <5
200 22 <5 1550 22 <5

As can be appreciated by comparing the results of
Examples 1 through 4 with Comparative Examples 1 through
4, 1n the case where vaporized or atomized deposition mate-
rial 1s, at first, supplied to the heated roller 11 by the first

supplying device (the ultrasonic oscillator 10 1n Example 1,
the heated evaporation source 13 in Example 2, the spray
nozzle 15 in Example 3, and the mechamical vaporization
device 17 in Example 4) and then heated and vaporized while
being carried, the amount of anomalous particles in the resin
thin films was greatly reduced. Results of the resistance mea-
surements also reveal that uniform resin thin films with less
defects were formed according to Examples 1 through 4. This
1s considered to be due to the following reasons.
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According to Examples 1 through 4, the anomalous par- device 18 are also applied (splashed) outside of a space
ticles generated by the first supplying device are, at first, enclosed by broken lines extending from the ends of the first

applied to the surface of the heated roller 11 and thus are not supplying dejzice to the ‘ends of the heated roller 11. In Oth‘ﬂ‘
directly deposited on the Al deposition film 3. The deposition ~ Yords, the primary particles generated by the first supplying
material on the heated surface of the heated roller 11 is heated 5 d€vice 18 reachthe deposition surface. As aresult, the anoma-

for vaporization while being carried to the upper portion of ?e%i Spif;;[ifl:j ﬁ};iu?fgrégytgz tgr?;l;ﬁgp?ﬁg Céiiﬁf;iﬂ gz
the heated roller 11, thereby being deposited onto the Al 1 .

. . resultant resin thin film.
deposition film 3. Since the surface of the heated roller 11 According to Examples 6 through 9, shielding plates 5 are

where the deposition material 1s first supplied (1.e., the lower yr5yided as shown in FIG. 8 so as to restrain the primary
half of the heated roller) does not oppose the deposition '° particles 19 of the deposition material from directly reaching
surface of the Al deposition film 3, even when the anomalous the deposition surface. The direct path of the applied deposi-
particles of the deposition material are rapidly heated upon tion material (i.e., primary particles) from the first supplying
contact with the heated roller 11 and reform as anomalous device to the region defined by the opening between the

particles, the reformed anomalous particles are not directly shielding plates 5 1s blocked by the heated roller 11.
deposited onto the Al deposition film 3. 15> Examples 6 through 9 employ substantially the same appara-
As a result, the deposition material deposited onto the tus as the thin film formation apparatuses 100 through 400

deposition surface of the Al deposition film 3 1s considered to according to Examples 1 through 4, respectively, with the
contain minute amount of anomalous particles. shielding plates 5. Resin thin films were produced according
As 1s apparent from the results of Comparative Example 3, to each of Examples 6 through 9 in the same manner as
when the deposition material is directly applied to the upper 4 Examples 1 through 4, respectively. The obtained resin thin
surface of the heated roller 11 (the portion of the surface films were evaluated as described above. The results are
opposing the surface of the base substrate, 1.e., the deposition shown 1n Table 2.
TABLE 2

Results of the Evaluation of the Resin Thin Films
(Examples 6-9)

Thickness 0.1 um Thickness 0.8 um
Number Maximum Number Maximum
of particle of particle
anomalous S1Z€ Resistance  anomalous s1Ze Resistance
particles (um) (€2) particles (um) (£2)
Example 6 2 4 2 x 10° 10 4 5 x 101
Example 7 2 5 5 x 10° 12 6 2 x 10
Example 8 4 8 5% 107 28 11 2 x 10°
Example 9 3 6 1 x 10° 25 10 5 x 10°
surface, where the resin thin film 1s formed), a large amount of Examples 6 through 9 exhibited further enhanced results
anomalous particles are generated. However, when the results 4° when compared with those obtained in Examples 1 through 4.
of Example 5 and Comparative Example 5 are compared, 1t 1s It can be understood that by completely shuelding the pathway
obvious that when the deposition material 1s, at first, supplied of the deposition material extending from the first supplying
to the lower half surface (the portion of the surface that does device to the region where the resin thin film 1s to be formed,
not oppose the deposition surface of the Al deposition film 3) the number of the anomalous particles contained in the
of the heated roller 11, even when the deposition material 1s ® obtained region thin film 1s further reduced. Furthermore, the
rapidly heated to form anomalous particles, the anomalous resistance values are also improved by approximately 2 dig-
particles are prevented from being directly deposited onto the its, which suggests that a smaller number of defects result 1n
Al deposition film 3. Thus, a thin film with a relatively minute a resin thin film with a higher insulation characteristic. Most
amount of defects can be formed. 5o Ofthe anomalous particles resulted from the deposition mate-
Accordingly, 1t 1s important that the deposition material 1s rial (primary particles) generated by the first supplying device
first supplied to the surface of the heated roller where 1t does which have directly been deposited on the base substrate.
not face the deposition surface of the base substrate (1.e., the Thus, although the methods described in Examples 6
portion of the surface where the resin thin film 1s to be formed) through 9 have lower production efficiency (1.e., lower mate-
and then 1s moved to a position where 1t faces the deposition 55 rial usage efficiency and a lower film formation rate) com-
surface of the base substrate. Moreover, 1t can be also under- pared to the methods described in Examples 1 through 4, they

stood by comparing Example 1 through 4 with Example 5 that are superior 1n producing resin thin films with higher quali-
use of the first supplying device further enhances the quality ties.

of the resin thin film. Although a heated roller 1s used 1n the above-described
60 examples for heating, vaporizing and carrying the deposition
Examples 6 through 9 material, the heated roller may be replaced by other heated

device. Forexample, as shown in FI1G. 9 (a thin film formation
The positional relationship among a first supplying device, apparatus 120), the heated roller 11 of the deposition material

a heated roller and a region of the base substrate where the supplying section 110 in Example 1 can be replaced with a
resin thin film 1s to be deposited were studied. In the case of 65 heated belt 30.
Examples 1 through 4, as shown 1n FIG. 7, primary particles A deposition material supplying section 130 of the thin

19 of the deposition material generated by a first supplying film formation apparatus 120 1includes a ultrasonic oscillator
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10 and the heated belt 30. The heated belt 30 includes a belt
30a, driving rollers 29a and 2956 and heating lamps 28. The
belt 30a 1s rotated by the driving rollers 29a and 295.

A deposition material in the form of a liquid 1s delivered to
the ultrasonic oscillator 10, which 1s delivered from a liquid
delivery tube 9, 1s atomized by the ultrasonic oscillator 10 and
applied to the surface of the belt 30a. The deposition material
on the surface of the belt 30q 1s moved to a position where 1t
faces the deposition surface of an Al deposition film 3 1n
accordance with the rotational movement of the belt 30a
(shown by the arrows 25). The region of the belt 30a where 1t
taces the deposition surface 1s heated to a desired temperature
by the heating lamp 28, whereby the deposition material 1s
vaporized again so as to be deposited onto the surface of the
Al deposition film 3. Since primary particles of the deposition
material generated by the ultrasonic oscillator 10 (1.e., the first
supplying device) are prevented from reaching the deposition
surface of the film, the same effect as that obtained 1in
Example 1 1s obtained.

By using the heated belt 30, size reduction of the equip-
ment and enhanced usage efficiency of the primary particles
can be achieved. Moreover, when the driving roller 295 1s
cooled, the deposition material 1s prevented from vaporizing
trom the region of the surface of the belt 30q on the side of the
first supplying device, thereby further enhancing the usage
eificiency of the primary particles.

Furthermore, although only the resin thin films having
thicknesses of about 0.1 um and about 0.8 um are described in
the above-described examples, resin thin films having a thick-
ness i arange ol about 0.05 um to about 3 um were confirmed
to have similar characteristics. Although only 3 types of
acrylic resin were used 1n the above-described examples, the
present invention 1s widely applicable to the case where other
types of acrylic resin or a resin other than an acrylic 1s used.
The curing 1s not limited to curing with UV light or electron
beam 1rradiation, for example, curing with heat may be also
employed.

The method for producing the resin thin film according to
the present invention 1s not limited by the pressure or the gas
of the atmosphere. In order to accelerate the evaporation rate
ol the deposition material so as to enhance the film formation
rate, vacuum atmosphere 1s preferably employed. Addition-
ally, when the evaporation rate of the deposition matenal 1s
accelerated under a vacuum atmosphere, the deposition mate-
rial can be maintained at a low temperature, thereby prevent-
ing the deposition material on the heated portion of the belt
30a from being cured or adhering to the belt 30a. This etlect
1s particularly prominent when the material does not exhibit a
high vapor pressure unless it comes 1nto the vicinity of the
heated portion of the belt 30a. A vacuum atmosphere has
other advantages such as it 1s more stable for UV curing, 1t 1s
casier to introduce electric beam curing and 1s capable of
producing a composite laminate film when combined with a
later-described method and apparatus for producing a thin
film. Alternatively, 1nstead of vacuum atmosphere, the UV
light curing may also be conducted 1n a stable manner 1n 1nert
gas atmosphere.

When a region where the deposition material 1s to be
deposited and a region where the deposition matenal 1s to be
cured are separated from each other, the pressure and the
atmosphere at each region can be independently controlled.
Moreover, depending on the resin material, heat curing in the
atmosphere (1.e., atmosphere in the air) can be performed.

An Al deposition film 3 1s used as the base substrate of the
resin thin film 1n Examples 1 through 9. However, the present
invention 1s not limited thereto. A film such as a polymer film
and a metal film, a substrate made of metal, glass, a semicon-
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ductor, etc. can be also used as the base substrate. The shape
of the base substrate 1s not limited and may be altered, for
example, to a flat-plate-like substrate or a curved-shaped
substrate. Also, the method of running the base substrate may
appropriately changed 1n accordance with the maternial and
application of the thin film. For example, resin thin films can
be repeatedly formed on a film rolled on a can.

The angle (the incident angle) for the deposition material to
be deposited on the deposition surface of the substrate 1s not
limited to those 1n the above-described examples. The posi-
tions ol the deposition material supplying section and the
deposition surface of the substrate may be suitably chosen so
as to optimize the incident angle.
|[Method and Apparatus for Producing Lamination Thin Film]

Hereinatter, methods and apparatuses for producing lami-
nated films (composite films), realized by moditying the
above-described examples will be described.

FIG. 10 1s a schematic view showing a thin {ilm formation
apparatus 600. The thin film formation apparatus 600
includes a resin thin film depositing section 610 and a metal
thin film depositing section 620 1n a vacuum chamber 20 so as
to produce a laminate film including alternately laminated
resin thin films and metal thin films. The vacuum chamber 20
1s maintained in a vacuum state by a vacuum system 21.

The resin thin film depositing section 610 basically has the
same structure as the deposition material supplying section
110 according to Example 1. The resin thin film depositing,
section 610 1s 1solated by differential pressure walls 22 1n the
vacuum chamber 20. A deposition material supplied from the
resin thin film depositing section 610 1s deposited on a depo-
sition surface of a film 3 placed along the peripheral surface of
a can 4. The deposition material deposited on the film 3 1s
cured by UV light from the UV light radiation device 7 so as
to form a resin thin film. On the other hand, the metal thin film
depositing section 620 supplies metal vapor on the deposition
surface of the film 3 by radiating an electron beam 24 to a
metal material 1n an electron beam deposition source 23,
thereby forming a metal thin film. By repeating the above-
described processes, a composite film including alternately
laminated resin thin films and metal thin films can be formed.
In the case of repeated lamination, the laminate film can be
formed on the can 4 directly or on an underlying layer. The
laminated film can be peeled off from the can 4 after the
lamination process.

When an electron beam 1s used for curing the resin thin
f1lm, for example, by using the structure shown 1n FI1G. 11, the
UV light radiation device 7 of the thin {ilm formation appa-
ratus 600 can be omitted. The deposition material deposited
on the film 3 can be cured by retlecting part of the electron
beam 24 generated by the metal thin film depositing section
620 1ncident to an opening provided through the shielding
plate 5 to be retlected off a water-cooled plate 26.

FIG. 12 15 a schematic view showing a thin {ilm formation
apparatus 700. The thin film formation apparatus 700
includes a resin thin film depositing section 710 and a metal
thin film depositing section 720 1n a vacuum chamber 20. Belt
mechanisms are used for the resin thin film deposition section
710 and a base substrate running section 730, respectively.
The resin thin film depositing section 710 and the metal thin
film depositing section 720 are located 1n different pressure
zones by using a diflerential plate 22q and a belt 31 of the base
substrate running section 730. The belt 31 can be made of a
stainless thin plate, a polymer film band, etc.

Furthermore, a differential plate 2256 1s provided around the
UV light radiation device 7 so that atmosphere 1n the region
where the UV light 1s radiated on the deposited material can
be mdependently controlled. In this example, oxygen 1s intro-
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duced from the oxygen ilet tube 32 so as to control the
concentration of oxygen in the atmosphere during the UV
light curing. The concentration of oxygen can be adjusted by
a flow regulating device 33 on the oxygen inlet tube 32. By
employing such a structure, the degree of curing of a resin thin
f1lm made of materials that are restrained from curing when
oxygen 1s present (e.g., acrylic type material) can be con-
trolled. For example, the degree of curing can be held to a
mimmum (1.¢., an incompletely cured state) at the time of the
deposition of the resin thin film and heat curing can be per-
formed to cure the laminated thin film once 1t 1s flat. By
forming the laminate film i1n such a manner, deformation
(e.g., warping) or the like occurring during the resin thin film
formation can be readily corrected. Moreover, the degree of
curing can be changed in the thickness direction (i.e., the
laminated direction) of the laminate film so that the laminated
f1lm can be subjected to the subsequent step 1n a state such that
only the resin 1n the vicinity of the upper and the lower surface
are cured 1n order to withstand later handling and the middle
portion 1n the thickness direction has a low degree of curing.

Laminate films formed by the above-described thin film
formation apparatus are widely applicable 1n various fields.
For example, a laminate film of alternating metal thin films
such as Al or Cu and a resin thin film with an excellent
insulation characteristic can be used as a conductor having a
small loss at high frequency. Furthermore, a capacitor can be
formed by alternately providing leading electrodes in the
above-described structure. These will be described 1n detail
below.

Example 10

FIG. 13 1s a schematic view showing a thin film formation
apparatus 800 according to Example 10 of the present inven-
tion. The thin film formation apparatus 800 has a vacuum
chamber 20 which includes a deposition material supplying
section 810, a substrate running section and a UV radiation
device 7. The deposition material supplying section 810 1s
surrounded by walls 52 so as to avoid an excessive decrease in
the vacuum of the vacuum chamber 20. The thin film forma-
tion apparatus 800 1s different from the thin film formation
apparatuses according to Examples 1 through 9 in that the
deposition matenial supplying section 810 1s different from
those of the apparatuses according to Examples 1 to 9. Com-
ponents having substantially the same functions as those in
the above-described examples are denoted by the same ref-
erence numerals.

The deposition material supplying section 810 includes a
first tilted heated plate 50a, a second tilted heated plate 505, a
obstruction wall 51 and a liquid delivery tube 9. A liquid
deposition material 1s delivered to the first tilted heated plate
50a from the liquid delivery tube 9 and starts to run down
along the slope. While running down, the deposition material
spreads out as a thin liquid layer and partially vaporizes. The
deposition material may generate coarse particles upon con-
tact with the first heated plate 50a due to excessive tempera-
ture rise 1n the deposition matenal (for example, due to the
bumping phenomenon). In order to prevent these coarse par-
ticles from directly reaching the deposition surface, the
obstruction wall 51 1s provided between a portion of the first
heated plate 50a where the deposition material initially
makes contact with the first heated plate 50a and the deposi-
tion surface. Once reaching the end of the first heated plate
50a, the deposition material drops down to the second heated
plate 506 and continues to run down and vaporize on the
surface.

5

10

15

20

25

30

35

40

45

50

55

60

65

20

By using a plurality of heated plate 50aq and 505, a rela-
tively large vaporization area can be obtained within a small

space, the vaporization rate can be enhanced and at the same
time the variation 1n the vaporization rate can be controlled.
Furthermore, the temperature of the plurality of heated plates
can be individually set so as to realize an optimal distribution
of the rise 1n temperature.

Once reaching the end of the second heated plate 505, the
deposition material drops down to the cup 48. The cup 48 may
be heated to further evaporate the deposition material in the
cup 48. As shown 1n FIG. 13, an inner wall of the cup 48 may
be inclined so as to provide a wider evaporation area for the
deposition material and prevent the deposition material from
being cured 1n the cup 48. Preferably, the walls 52 and the
obstruction wall 51 are also heated so that droplets, 1.¢., the
deposition material, on the walls 52 and the obstruction wall
51 can be re-evaporated and removed therefrom. By adjusting
the amount of deposition material delivered from the liquid
delivery tube 9 and the amount of deposition material evapo-
rated from the heated plates 50a and 505, the full amount of
deposition material can be completely evaporated by the time
the deposition material reaches the end of the second heated
plate 5054. In such a case, the cup 48 can be omitted. The
amount of the deposition material evaporated from the heated
plates 50a and 505 can be adjusted, for example, by adjusting
the areas, t1lt angles and the temperature of the heated plates
50a and 505. Additionally, the deposition material can be
collected 1n a cooled cup 48 so as to be reused.

Example 11

FIG. 14 1s a schematic view showing a thin {ilm formation
apparatus 900 according to Example 11. The thin film forma-
tion apparatus 900 has a vacuum chamber 20 which includes
a deposition material supplying section 910, a substrate run-
ning section 920 and a UV radiation device 7. A depositing
section and a curing section are partitioned by a shielding
plate 5.

The substrate running section 920 1s different from the
substrate running section according to Example 10 1n that it
carries individual plate-like base substrates 3. The substrate
running section 920 includes a carrier 47 which carries and
continuously runs the plurality of base substrates 3 in a direc-
tion represented by an arrow 2. It can be appreciated that the
substrate running section 920 and the above-described sub-
strate running section according to Example 10 are replace-
able with each other. This replacement equally applies to the
later-described examples.

The deposition material supplying section 910 differs from
the deposition material supplying section 810 according to
Example 10 1n having a heated roller 11. A liqud deposition
material 1s delivered from the liquid delivery tube 9 to a first
tilted heated plate 50 and starts to run down along the slope.
While running down, the deposition material spreads out as a
thin liquad layer and partially vaporizes. The deposition mate-
rial may form coarse particles upon contact with the first
heated plate S0 due to excessive temperature rise (for
example, due to bumping phenomenon). In order to prevent
these coarse particles from directly reaching the deposition
surface, the obstruction wall 51 1s provided between a portion
of the first heated plate 50 where the deposition material
makes 1nitial contact and the deposition surface. Once reach-
ing the end of the first heated plate 50, the deposition material
drops down to the heated roller 11 and continues to run down
and vaporize on the surface thereof.

The heated roller 11 provides greater area and time for the
deposition material to evaporate compared to the second
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heated plate 5056 according to Example 10. Thus, even when
the size of the apparatus 1s reduced, the evaporation state 1s
still stable. When the deposition material on the heated roller
11 exceeds the capacity of the heated roller 11, the excess
amount of the deposition material drops down from the low-
ermost portion of the heated roller 11 or 1s swept by a blade
49, etc. 1into a cup 48. According to Example 11, the cup 48 1s
heated for re-evaporation, the cup 48 can be cooled to collect
and reuse the deposition material.

Example 12

FIG. 15 15 a schematic view showing a thin film formation
apparatus 1000 according to Example 12. The thin film for-
mation apparatus 1000 has a vacuum chamber 20 which
includes a deposition material supplying section (also
referred to as a “resin thin film depositing section”) 1010, a
substrate running section 1020 and an electron beam radia-
tion device 16. A metal thin film deposition section 1030 with
an electron beam deposition source 23 is partitioned from a
curing region by a shielding plate 5. The deposition material
supplying section 1010 1s surrounded by walls 52 so as to
avold an excessive decrease in the vacuum of the vacuum
chamber 20.

The thin film formation apparatus 1000 according to
Example 12 maintains a substrate 3 around a rotating cylin-
drical can 4 to form a laminate film including a plurality of
metal thin film layers and resin thin film layers.

The deposition material supplying section 1010 according
to Example 12 differs from the deposition maternal supplying
section 910 according to Example 11 1n that the liquid depo-
sition material from the liquid delivery tube 9 1s delivered
directly onto the heated roller 11. The deposition material
may generate coarse particles upon contact with the heated
roller 11 due to excessive temperature rise. In order to prevent
these coarse particles from directly reaching the deposition
surface of the substrate, an obstruction wall 51 1s provided
between a portion of the heated roller 11 where the deposition
material makes initial contact and the deposition surface. The
deposition material on the rotating heated roller 11 continues
to flow thereon until evaporation. The heated roller 11 pro-
vides greater arca and time for the deposition material to
evaporate. Thus, even when the size of the apparatus 1is
reduced, the evaporation state 1s still stable. When the depo-
sition material on the heated roller 11 exceeds the capacity of
the heated roller 11, the excess amount of deposition material
drops down from the lowermost portion of the heated roller 11
or 1s swept by a blade (not shown), etc. into a cup 48. The
deposition material 1n the cup 48 can be heated for re-evapo-
ration or cooled to be collected. In Example 12, the cup 48 1s
cooled.

According to Example 12, the liquid deposition material 1s
introduced on the upper portion (1.e., surface facing the depo-
sition surface of the substrate 3) of the heated roller 11.
Alternatively, the liquid deposition material can be intro-
duced to the lower portion of the heated roller 11 (for
example, as the deposition material supplying section 510
shown 1n FIG. §). In this case, the heated roller 11 will act 1n
place of the obstruction wall 51 and thus the obstruction wall
51 can be omitted.

Example 13

FIG. 16 1s a schematic view showing a thin film formation
apparatus 1100 according to Example 13. The thin film for-
mation apparatus 1100 has a vacuum chamber 20 which
includes a deposition material supplying section 1110, a sub-
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strate running section 1120 and an electron beam radiation
device 16. A deposition section 1s partitioned from a curing
section by a shielding plate 5 1n the vacuum chamber 20. The
deposition material supplying section 1110 1s surrounded by
walls 52 so as to avoid an excessive decrease 1n the vacuum of
the vacuum chamber 20.

The deposition material supplying section 1110 differs
from the deposition matenal supplying section 910 according
to Example 11 that 1t has two heated belts 30 and 30", and n

using the electron beam radiation device 16 for curing. The
first (and the second) heated belt 30 (30') include a belt 30q

(30a") and driving rollers 29a and 2956 (294" and 295'). The
belt 30 (30") 1s rotated by the driving rollers 29q and 2956 (294
and 29b").

A liquid deposition material 1s delivered from the liquid
delivery tube 9 to the belt 30q of the first heated belt 30 where
it starts to run down along the slope. While running down, the
deposition material spreads out as a thin liquid layer and
partially vaporizes. The deposition material may generate
coarse particles upon contact with the first heated belt 30 due
to excessive temperature rise (for example, due to the bump-
ing phenomenon). In order to prevent these coarse particles
from directly reaching the deposition surface, an obstruction
wall 51 1s provided between a portion of the first heated belt
30 where the deposition material makes 1nitial contact and the
deposition surface. Once reaching the end of the first heated
belt 30, the deposition material drops down to the belt 30a' of
the second heated belt 30" and continues to run down and
vaporize thereon.

The heated belts 30 and 30' provide greater area and time
for the deposition material to evaporate compared to the sec-
ond heated plate 505 according to Example 10. Thus, even
when the size of the apparatus 1s reduced, the evaporation
state1s still stable. When the deposition material on the heated
belt 30 or 30" exceeds the capacity of the heated belts 30 and
30", the excess amount of deposition material drops down
from the lower-most portion of the heated belt 30 or 30" or 1s
swept by a blade 49, etc. into a cup 48. In Example 13, the cup
48 1s cooled to collect the deposition material. Alternatively,
the cup may be heated for re-evaporation. The walls 52 and
the obstruction wall 51 are also heated so that droplets, 1.¢.,
the deposition material, on the walls 52 and the obstruction
wall 51 can be re-evaporated and removed.

Example 14

FIG. 17 1s a schematic view showing a thin {ilm formation
apparatus 1200 according to Example 14. A deposition mate-
rial supplying section 1210 differs from the deposition mate-
rial supplying sections 810 to 1110 according to Examples 10
through 13 1n that there 1s no mechanism for running the
liquid deposition material. Detailed description of the depo-
sition material supplying section 1210 1s omitted since 1t has
substantially the same structure as the deposition material
supplying sections according to Examples 1 to 9.

The deposition material 1s delivered from a liquid delivery
tube 9 1nto a heated cup 48, thereby being evaporated. The
evaporated deposition material, at first, attaches to the heated
roller 11 and 1s carried and heated for evaporation. The depo-
sition material evaporated from the heated cup 48 contains
coarse particles. Accordingly, the heated roller 11 1s arranged
so that the coarse particles are prevented from reaching the
deposition surface. As a result, defects caused by the coarse
particles can be controlled. However, when the deposition
rate (accumulation rate) 1s set high, the deposition rate 1s not
stable and may cause defects in the thin film.
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The relationships between the deposition rate and the sur-
face characteristics of the film (the rate of occurrence of the
defects) in Examples 10 through 14 are shown in Table 3. The
surface characteristics were observed for an area of 5 cmx5
cm by an optical microscope and the number of the anoma-
lous particles (i.e., the coarse particles) were evaluated. 1,9.-
nonanediol diacrylate (#1), dimethylol-tri-cyclodecane dia-
crylate (#2) and 2-methyl-3-butanenitrile (#3) were used as
the deposition materials.

TABLE 3

Film Formation Conditions and Surface Characteristics
of the Resin Thin Film
(Examples 10-14)

Desired Deposition Number
thickness Deposition rate of defects
(nm) material (nm/s) (particle/m?)

Example 10 0.5 #1 2000 4
Example 11 0.2 #2 1000 3
Example 12 0.1 #3 2500 1
Example 13 0.3 #1 4000 2
Example 14 0.5 #1 700 5
Example 14 0.5 #1 2000 30
Example 14 0.2 #2 600 4
Example 14 0.2 #2 1000 18
Example 14 0.1 #3 500 2
Example 14 0.1 #3 700 4
Example 14 0.1 #3 1000 14
Example 14 0.] #3 2500 30

As can be understood from Table 3, the resin thin film
according to Example 14 has a smaller number of defects
when the deposition rate 1s low. However, the resin thin film
according to Example 14 exhibits sudden increase in the
number of defects when the deposition rate exceeds about

1000 nm/s. On the other hand, according to Examples 10 to
13, the number of defects in the produced resin thin film are

less even when the deposition rate exceeds 1000 nm/s.

This 1s due to the following reason. When the amount of the
deposition material 1s increased 1n order to improve the depo-
sition rate, 1n the case of Example 14, the area size for evapo-
ration becomes insuilicient. Accordingly, the temperature
needs to be set higher. Since an increased amount of liquid
deposition material supply increases the proportion of a vol-
ume to a surface area of the deposition material, bumping 1s
more expected, especially at a higher temperature. It 1s con-
sidered that some of particles resulting from such bumping
phenomenon attach to the deposition surface, thereby gener-
ating the above-described defects seen 1n the case of Example
14 at a high deposition rate. Since the particles resulting from
the bumping phenomenon tend to jump in a linear manner, an
obstruction wall can be provided such that the support body
and the supplied liquid deposition material cannot be exposed
to each other. Although such a method restrains a consider-
able amount of the particles caused by the bumping phenom-
enon from attaching to the support body, some particles still
attach to the support body by being retlected upon collision.
Moreover, when the temperature rises, the deposition mate-
rial 1s partially cured, thereby deteriorating the stable evapo-
ration rate.

According to Examples 10 to 13, the liquid deposition
material spreads out as a thin liquid layer as 1t runs down and
thus the evaporation area can be increased. Accordingly, even
when the amount of deposition material 1s increased, 1.e.,
even when the deposition rate 1s high, bumping or thermoset-
ting of the deposition material are unlikely to occur. As a
result, a resin thin film with fewer defects can be obtained.

10

15

20

25

30

35

40

45

50

55

60

65

24

According to Example 14, as described above, the resin
material 1s likely to thermoset under a condition of a high
deposition rate and thus the evaporation rate of the deposition
material tends to vary with time. Accordingly, it 1s more
difficult to select the film formation conditions for the thin
film formation apparatus according to Example 14. In the
case where the cup 48 1s cooled to collect the deposition
maternal as in Examples 12 and 13, although evaporation from
the cup 48 cannot be expected, the entire amount of evapora-
tion 1n the film formation apparatus becomes significantly
stable. Accordingly, the cup 48 1s preferably cooled when 1t 1s
required to maintain an even evaporation rate.

According to the methods and apparatuses for forming the
thin films of Examples 10 through 13, the deposition material
can be efficiently evaporated while controlling the occurrence
of thermosetting or bumping as much as possible. According
to Examples 10 through 13, a resin thin film can be formed at
a higher deposition rate 1n a stable manner. Therefore,
Examples 10 to 13 have higher utility value in industrial
fields.

Although an acrylic-type monomer material 1s used as the
deposition material, other resin type material such as epoxy
type material or an 1norganic material can be used. Moreover,
although UV curing or electron beam curing 1s employed 1n
the above-described examples, the present invention 1s not
limited thereto.

By employing the methods and apparatuses according to
the first aspect of the present invention, a resin thin film with
fewer defects can be formed. However, closer observation of
the surfaces of resin thin films formed by the above-described
methods (after curing) revealed that the surfaces turned out to
be satin surfaces. It was also found that the surface roughness
was greater when a resin material with higher viscosity was
used. The observed surface roughness (roughness of several
tens to several hundreds nanometers) was smoother than the
surface roughness caused by the above-described coarse par-
ticles having a diameter of several microns or more (3 um
according to the above-described examples). However, this
roughness of several tens to several hundreds nanometers
may cause deterioration of the electric resistance of the resin
thin film, and thus may not be suitable for some applications.

A second aspect of the present invention provides methods
and apparatuses for forming a thin film, which can reduce the
above-mentioned surface roughness ol about several tens to
several hundreds nanometers. According to the second aspect
of the present invention, the above-mentioned surface rough-
ness can be controlled by radiating a charged particle beam
toward either one or both of a deposition surface of a base
substrate and a deposition maternal at least betore the depo-
sition process. This 1s considered to be effective because the
clectrostatic energy of the charged particle beam accelerates
attachment of the resin particles to the deposition surface and
the electrostatic force allows the deposition material to be
flattened after the deposition.

Heremafiter, examples according to a second aspect of the
present invention will be described 1n detail. Herein, the sec-
ond aspect of the present invention will be described as com-
bined with those according to the first aspects of the present
invention. However, the present invention is not limited
thereto. Effects obtained by the methods according to the
second aspect of the present invention can also be obtained
even when the methods are used independently. By combin-
ing the methods according to the first and the second aspects,
multiple effects and a high-quality thin film suitably used as

clectronic components, etc. can be obtained.

Example 15

FIG. 18 15 a schematic view showing a thin {ilm formation
apparatus 1300 according to Example 15. The thin film for-
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mation apparatus 1300 has a structure that 1s substantially the
same as the structure of the thin film formation apparatus 100
according to Example 1 except that an electron beam radia-
tion device 16 1s further provided. Accordingly, description of
the thin film formation apparatus 1300 other than the electron
beam radiation device 16 will be omitted.

Electron beams 24 are radiated onto a deposition surface of
the base substrate by the electron beam radiation device 16
betore the deposition material 1s deposited to the deposition
surface of the base substrate from a deposition material sup-
plying section 110 and carried along the round surface of a
can 4. The resin thin film 1s formed using the same material
and under the same conditions as those of Example 1.

Example 16

FI1G. 19 1s a schematic view showing a thin film formation
apparatus 1400 according to Example 16. The thin film for-
mation apparatus 1400 has a structure that 1s substantially the
same as the structure of the thin film formation apparatus 200
according to Example 2 except that an electron beam radia-
tion device 16 1s further provided. Accordingly, description of
the thin film formation apparatus 1400 other than the electron
beam radiation device 16 will be omaitted.

An electron beam 24 1s radiated on a deposition surface of
a base substrate 3 by the electron beam radiation device 16
betore the deposition material 1s deposited onto to the depo-
sition surface of the base substrate 3 from a deposition mate-
rial supplying section 210 and carried along the round surface
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An 1on beam 37 1s radiated on the deposition surface of the
base substrate 3 by the 1on radiation device 38 before the
deposition material 1s supplied to the deposition surface of the
base substrate 3 from a deposition material supplying section
310 and carried along the round surface of a can 4. The 10n
radiation device 38 according to Example 17 1s arranged such
that the 10n beams 37 can radiate toward the atomized depo-
sition material and the deposition surface of the base substrate
3. The resin film 1s formed using the same material and under
the same conditions as those of Example 3.

Resin thin films having a thickness of about 0.1 um and a
thickness of about 0.8 um were formed according to each of
the methods described in Examples 15 through 17 and
Examples 1 through 3 as a comparison, while varying the
running rate of the Al. deposition film 3. A 5 cmx35 cm area of
cach of the resin thin films was observed by an optical micro-
scope 1n order to quantitatively evaluate the surface charac-
teristics thereol by a surface roughness tester (Surfcom pro-
duced by Tokyo Seimitsu Co., Ltd.).

An Al layer (1 cmx1 cm) having a thickness of 100 nm was
further formed on each of the resin thin films. Accordingly,
this film has three layers: a first Al layer (the Al deposition
film 3), a resin thin film and a second Al layer. The two Al
layers sandwich the resin thin film so as to enable the Al layers
to be used as electrodes. Resistance under the application of a
DC voltage of 5V was measured in order to evaluate the
insulation characteristics of the films. The thickness of the Al
layer of the Al deposition film 3 was set to 50 nm. The results
are shown 1n Table 4. When a polymer film with no Al depo-
sition layer was used as the base substrate, the surface char-
acteristic of the resin thin film showed little difference from

the above-mentioned results.

TABL

4

(Ll

Results of Evaluation of the Resin Thin Film
(Examples 15-17 and 1-3)

Example 15

Example 16

Example 17

Example 1
Example 2

Example 3

of a can 4. The resin thin film 1s formed using the same
material and under the same conditions as those of Example

2.

Example 17

FI1G. 20 1s a schematic view showing a thin film formation
apparatus 1500 according to Example 177 of the present inven-
tion. The thin film formation apparatus 1500 has a structure
that 1s substantially the same as the structure of the thin film
formation apparatus 300 according to Example 3 except that
an 1on radiation device 38 1s further provided. Accordingly,
description of the thin film formation apparatus 1500 other
than the 1on radiation device 38 will be omitted.

55

60

65

Thickness 0.1 um Thickness 0.8 um

Surface Height Surface Height

condition of condition of

(micro- waviness Resistance (micro- waviness  Resistance
scope) (nm) (£2) scope) (nm) (€2)
Flat 2 5% 10° Flat 6 3 x 101!
surface surface

Flat 4 3 x 10° Flat 8 4 x 10"
surface surface

Flat 3 4 x 10° Flat 8 5 x 101°
surface surface

Satin 25 2 x 10 Satin 260 5x 107
surface surface

Satin 30 8 x 10°  Satin 400 1% 107
surface surface

Satin 40 4 x 10° Satin 300 3x 107
surface surface

As can be appreciated from the results shown in Table 4, by
radiating the deposition material and/or the deposition sur-
face of the base substrate 3 with charged particle beams (i.e.,
clectron beams or 10n beams) the deposition material and/or
the deposition surface of the base substrate 3 was found to
flatten the resin thin film. This 1s considered to be due to the
clectrostatic energy of the charged particle beam that accel-
crates attachment of the resin particles and the electrostatic
torce that allows the deposition material to be flattened after
the deposition.

Moreover, the results of resistance measurement indicate
that the resistance 1s higher in the case of tlatter surface, which
means that the methods and the apparatuses according to
Examples 15 to 17 are more eflective for the applications
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where a high insulation characteristic of the resin thin film 1s
required. The reason that the resistance values of Examples 1
through 3 1n Table 4 are different (by about one digit) from
those of Examples 1 through 3 1n Table 1 1s due to the varia-
tion of the production lots. However, by comparing the result
obtained 1n Example 15 with that of Example 1, the result
obtained 1n Example 16 with that of Example 2 and the result
obtained 1n Example 17 with that of Example 3, 1t 1s obvious
that the charged particle beam increases the electric resistance
by about 2 digits to about 4 digits and has a greater effect.

As described 1n Examples 6 to 9, the first supplying device,
the heated roller and the deposition surface are preferably
arranged so that the primary particles of the deposition mate-
rial generated at the first supplying device are prevented from
reaching the deposition surtace.

FI1G. 21 1s a schematic view showing a thin film formation
apparatus 1600. In the case of the thin film formation appa-
ratus 1600, primary particles 19 of the deposition material
generated by a first supplying device 18 are supplied
(splashed) outside of a space which 1s enclosed by broken
lines extending from the ends of the first supplying device to
the ends of the heated roller 11 as shown in FIG. 21. In other
words, the primary particles generated by the first supplying
device 18 reach the deposition surface. As aresult, the anoma-
lous particles are included 1n the primary particles that reach
the deposition surface, thereby deteriorating the quality of the
resultant resin thin film. FIG. 22 1s a schematic view showing,
a thin film formation apparatus 1700. As shown 1n FIG. 22,
the thin film formation apparatus 1700 1s provided with
shielding plates 5 so that the primary particles of the deposi-
tion material generated at a first supplying device 18 are
prevented from reaching the deposition surface. The direct
path of the deposition material (1.e., primary particles) from
the first supplying device to the region defined by the opening,
between the shielding plates 5 1s shielded by the heated roller
11. As a result, generation of defects due to anomalous par-
ticles 1s restrained.

A device for radiating charged particles, such as the elec-
tron beam radiation device 16 may be arranged such that, as
shown 1n FIGS. 18 and 19, a electron beam 1s radiated only
toward the deposition surface, or as shown in FIGS. 21 and 22
such that the electron beam 1s radiated toward both of the
deposition surface and the atomized or evaporated deposition
maternial. Moreover, the charged particle beam may be radi-
ated only toward the deposition material.

Although the heated roller 11 1s used in the above-de-
scribed examples, the heated roller 11 can be replaced with
other heated devices.

For example, the heated roller 11 1n the thin {ilm formation
apparatus 1300 shown i FIG. 18 can be replaced with a
heated belt 30 so as to constitute a thin film formation appa-
ratus 1800 shown in FIG. 23. A deposition material supplying,
section 130 1s substantially the same as the deposition mate-
rial supplying section 130 shown in FIG. 9 and thus the
description thereof 1s omitted.

Furthermore, an electron beam radiation device 16 can be
provided 1n the thin film formation apparatus 600 shown in
FIG. 10 to constitute a thin film formation apparatus 1900
shown i FIG. 24. The thin film formation apparatus 1s
capable of forming a resin thin film with superior flatness. In
the case where an electron beam 1s used to cure the deposition
material, 1n order to enhance the flatness of the obtained resin
thin film, the shielding plates 5 of the thin film formation
apparatus shown in FIG. 11 can be provided with opening 235
for introducing the electron beams generated from the elec-
tron beam deposition source 23. FIG. 235 1s a schematic view
showing a thin film formation apparatus 2000 having such a
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structure. Such a structure allows an electron beam source for
generating electron beams for curing the deposition material
and electron beams for depositing a metal thin film to be used
as a electron beam source for flattening the resin thin film. An
clectron beam radiation device 16 can be provided in the thin
f1lm formation apparatus 700 shown 1n FIG. 12 to constitute
a thin laminate film formation apparatus 2100 shown 1n FIG.
26. The laminate thin film formation apparatus 2100 1is
capable of forming a resin thin film having superior flatness.

Although only the resin thin films having thicknesses of
about 0.1 um and about 0.8 um are described 1n the above-
described examples, resin thin films having a thickness 1n a
range of about 0.05 um to about 3 um were confirmed to have
equal etlects as the examples according to the second aspect
of the present invention. Although only 3 types of acrylic
resin were used 1n the above-described examples, the present
invention 1s widely applicable to the case where other types of
acrylic resin or a resin other than an acrylic resin 1s used.

As a result of studies on various kinds of materials, the
obtained effect according to the second aspect of the present
invention was especially prominent when the viscosity of the
resin-type material 1s about 30 cps to about 800 cps under a
normal temperature and pressure. When the viscosity was 30
cps or lower, a resin thin film with a relatively high flatness
was obtained without using the methods and/or apparatus
according to the present invention. On the other hand, in the
case where the viscosity was about 800 cps or higher, even
when the method and/or apparatus according to the present
invention are used, waviness remained although there was a
slight effect of flatness.

As a charged particle beam, an electron beam and an 10n
beam were confirmed to exhibit equal effects of flattening in
various materials. Moreover, the eflfect of flattening was
observed when the acceleration voltage of the charged par-
ticles was about 50V or more. The effect was insuilicient at an
acceleration voltage of about 50 V or lower. This 1s consid-
ered to be due to an energy shortage or unstableness of the
used electron beam radiation device at a lower voltage. The
upper limit of the acceleration voltage 1s not confirmed but the
cifect of the present invention was obtainable at least to an
acceleration of about 30 kV.

According to a third aspect of the present invention, a
method for enhancing the adhesion between alternately lami-
nated metal thin films and resin thin films of a laminate film,
1s provided.

In the case of a laminate film 1ncluding alternate resin thin
f1lms and metal thin films, adhesion between the film layers,
1.e., between the resin thin films and the metal thin films 1s
important as well as the performance of each film layer.
Insufficient adhesion between the film layers will cause a
minor separation between the film layers during subsequent
production steps or during actual usage. Such a minor sepa-
ration often results 1n separation of the entire adhesion area
between the film layers. Methods and apparatuses for forming
a thin film according to the third aspect of the present mven-
tion enhance the adhesion strength between the resin thin film
and the metal thin film formed on the resin thin film. Thus, the
method and the apparatus are suitable for use 1n the formation
of laminate films used 1n electronic components or the like.

Hereinatter, examples according to the third aspect of the
present invention will be described as combined with the film
formation methods and apparatuses according to the first
aspect of the present invention. However, the film formation
methods and apparatuses according to the third aspect of the
present invention are not limited thereto, and the eflects
thereol are obtainable even when used individually. More-
over, the examples according to the third aspect of the present
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invention may be combined with the methods and the appa-
ratuses according to the first aspect and/or the second aspect
of the present invention other than those described below. In
the case where the methods and the apparatuses according to
the third aspect of the present invention are applied to the case
of producing a laminate film suitable for use 1n electronic
components, 1t 1s preferable to combine with the method and
the apparatus according to the first aspect and/or the second
aspect of the present invention so as to obtain multiple etffects.

Example 18

FI1G. 27 1s a schematic view showing a thin film formation
apparatus 2200 according to Example 18 of the present inven-
tion. The thin film formation apparatus 2200 includes a resin
thin {ilm depositing section 2210, a metal thin film depositing,
section 2220 and a glow discharge treatment section 2230. A
base substrate 3 1s treated at the glow discharge treatment
section 2230 while being transferred from the resin thin film
depositing section 2210 to the metal thin film depositing
section 2220. The steps of forming the resin thin film and the
metal thin film are substantially the same as those in the
examples according to the first aspect of the present invention
and thus the description thereof 1s omatted.

While a copper deposition film as a film 3 1s running along,
the peripheral surface of a can 39, a deposition matenal 1s
deposited on a deposition surface of the film 3 and the depo-
sition material 1s cured with a UV light radiation device 7,
thereby forming a resin thin film. Thereatter, the thin film 1s
treated at the glow discharge treatment section 2230 before
being provided with a metal thin film on a can 40.

The glow discharge treatment section 2230 1s provided
with a glow discharge device 42 and an oxygen 1nlet tube 43.
The tlow rate of the oxygen gas supplied into the glow dis-
charge device 42 by the oxygen inlet tube 43 1s controlled by
a mass flow controller (MFC) 33. While passing through the
glow discharge device 42, the base substrate 3 1s exposed to
glow discharge 1n an oxygen atmosphere. Thereatter, the base
substrate 3 having the resin thin film thereon 1s transferred to
the metal thin film depositing section 2220 so that a metal thin
film 1s formed on the resin thin film subjected to a glow
discharge treatment.

A polyethylene terephthalate film having a thickness of 2
um with a copper layer having a thickness of 200 nm formed
thereon 1s used as the copper deposition film. 1,9-nonanediol
diacrylate mixed with 10% by weight of a photopolymeriza-
tion 1nitiator 1s used as the deposition material. The tempera-
ture of the heated roller 11 1s setto be 130° C. The running rate
of the film 3 1s set to be 50 m/min. A UV radiation device 7 of
300 W 1s used.

The glow discharge treatment 1s conducted while 1introduc-
ing oxygen gas in the glow discharge device 42 under the
tollowing two conditions: (A) an oxygen gas tlow rate of 10
sccm, an AC voltage of 600 V and an AC current of 20 mA;
and (B) an oxygen gas tlow rate of 20 sccm, a DC voltage of
1000V and a DC current of 100 mA. A copper with a fineness
01 99.95% 1s used as the metal thin film material. An electron
beam deposition 1s conducted with an acceleration voltage of
15 kV. A copper thin film 1s set to a thickness of 200 nm.

Example 19

FI1G. 28 1s a schematic view showing a thin film formation
apparatus 2300 according to Example 19. The thin film for-
mation apparatus 2300 1s provided with a resin thin film
depositing section 2310, a metal thin film depositing section
2320 and an UV radiation section 2330. In Example 19, a
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laminate film 1s directly formed on a can 4. A resin thin film
formed on the can 4 by the resin thin film depositing device
2310 1s 1rradiated with UV light while being moved toward
the metal thin film depositing section 2320. The steps for
forming the resin thin film and the metal thin film are sub-
stantially the same as those according to the examples of the
first aspect of the present invention and thus the detailed
description thereof 1s omitted.

The UV radiation section 2330 1s provided with an UV
radiation device 7 and an oxygen inlet tube 43. The tlow rate
of oxygen gas supplied into the UV light radiation device 7 by
the oxygen 1nlet tube 43 1s controlled by a mass tlow control-
ler (MFC) 33. The UV light 1s radiated in an oxygen atmo-
sphere while the deposition surface of the can 4 passes
through the UV light radiation device 7. Thereatter, the resin
thin film formed on the can 4 moves to the metal thin film
depositing section 2320 where a metal thin film 1s formed on
the resin thin film.

A peripheral surface of the can 4 1s subjected to chrome
plating and finished so as to have a surface property 010.3 s by
polishing. Dimethylol-tri-cyclodecane diacrylate mixed with
0.5% by weight of a photopolymerization initiator 1s used as
the deposition material. The temperature of the heated roller
11 1s set to be 110° C. The peripheral speed 1s set to be 60
m/min. The resin thin film 1s formed by using a UV light
device 7 o1 300 W, while introducing oxygen gas at a flow rate
of (A) 2 sccm, (B) 10 sccm and (C) 100 sccm 1n the UV light
radiation device. The metal thin film 1s formed by using an
aluminum with a fineness of 99.95% as a metal thin film
material and by employing an induction heating evaporation
source 44. The thickness of the resin thin film 1s about 0.1 um
and the thickness of the metal thin film 1s about 30 nm.
Approximately 500 layers of each of the resin thin film and

the metal thin film (approximately 1,000 layers in total) are
alternately laminated 1n a repeated manner.

Example 20

FIG. 29 15 a schematic view showing a thin film formation
apparatus 2400 according to Example 20. The thin film for-
mation apparatus 2400 1s provided with a resin thin film
depositing section 2410, a metal thin film depositing section
2420 and an UV light radiation section 2430. A resin thin film
formed on the base substrate 3 by the resin thin film deposit-
ing device 2410 1s 1rradiated with UV light while being
moved toward the metal thin film depositing section 2420.
The steps for forming the resin thin film and the metal thin
film are substantially the same as those according to the
examples of the first aspect of the present invention and thus
the detailed description thereof 1s omatted.

While running along a can 41, the resin thin film formed on
the base substrate 3 1s cured by being irradiated with UV light
from a UV light radiation device 7. The UV light radiation
device 7 1s provided with a water-cooled copper plate (shield-
ing plate) 26. The water-cooled copper plate 26 adjusts the
UV light radiation area of the resin thin film (1.e., the amount
of UV light radiation) by partially shielding the area. Then, a
metal thin {ilm 1s formed on the resin thin film 1rradiated with
UV light, at the metal thin film depositing section 2420.

A polyethylene naphthalate film having a thickness of
about 4 um with an Al layer having a thickness of about 70 nm
tormed thereon 1s used as the Al deposition film, 1.e., the base
substrate, 3. A mixture of 1,9-nonanediol diacrylate and dim-
cthylol-tri-cyclodecane diacrylate 1n a weight ratio of 1:1 1s
used as the deposition material. The temperature of the heated

roller 11 1s set to be 120° C. The thickness of the obtained
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resin thin film 1s set to be about 0.4 um. The peripheral speed

of the cans 39 and 41 are set to be 80 m/muin.
The surface of a UV light radiation device 7 where the UV

light 1s radiated 1s partially shielded by a water-cooled copper

plate 26, with the shielding rate being varied within arange of 5

about 20% to about 100%, so as to vary the amount of radia-
tion toward the surface of the resin thin film. A UV light
radiation device 7 of 300 W 1s used. The metal thin film
(thickness: about 50 nm) 1s formed by a resistance heating
type evaporation source 25 by using aluminum with a fine-
ness of 99.95% as the metal thin film material.

Example 21

After forming and curing a resin thin film according to
Example 18, the film 1s taken up prior to a glow discharge
treatment or a metal thin film formation. Then, the vacuum
chamber 20 1s exposed to the atmosphere and then again
evacuated to perform the glow discharge treatment and to
form the metal thin film.

Example 22

Resin thin films and metal thin films are formed substan-
tially 1in the same manner as that according to Example 18,

except no discharge by the glow discharge apparatus 42 1s
performed.

Example 23

Resin thin films and metal thin films are formed substan-
tially 1n the same manner as that according to Example 19,
except that no oxygen gas (oxygen tlow rate of 0 sccm) 1s
introduced 1n the UV light radiation device 7.

Example 24

Resin thin films and metal thin films are formed substan-
tially 1in the same manner as that according to Example 20,
except that a surface of the UV light radiation device 7 where
the UV light 1s radiated 1s not shielded (shielding rate of 09%)
upon UV light radiation.

Adhesion at an interface of the alternating resin thin films
and metal thin films of the laminate film were evaluated for
Examples 18 through 24. First, each laminate film was
scratched 1n a lattice pattern with a cutter. Then, an adhesive
tape was applied on the scratched surface and peeled off to
obtain the proportion of the peeled off area to the entire area
(a peeled area ratio) of the laminate film. Moreover, alumi-
num cubic blocks (5 mmx5 mm) were adhered on both sur-
faces of the laminate film so as to evaluate the load required to
separate the blocks from the surfaces. The interface where the
peeling occurred was also visually evaluated. The results are
shown 1n Table 5.

TABL

(L]

D

Results of the Evaluation of Adhesion Strength
(Examples 18-24)

Tape
peeling
test

Aluminum block
load test

Area ratio Load

Conditions (%0) (g) Observation
Example  Discharge 2 1000 Random
18 condition (A)

AC voltage 600V
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TABLE 5-continued

Results of the Evaluation of Adhesion Strength
(Examples 18-24)

Tape
peeling
test

Aluminum block
load test

Area ratio Load

Conditions (%0) (g) Observation
Discharge 2 1200 Random
condition (B)
DC voltage 1000 V
Example Oxygen 2 sccm 3 800 Random
19 Oxygen 10 sccm 6 600 Metal portion
Ol resin
Oxygen 100 sccm 100 2 Resin was
not cured
Example  Shielding % 20% 30 150 Metal portion
20 OIl resin
Shielding % 40% 20 200 Metal portion
O resin
Shielding % 60% 8 600 Random
Shielding % 80% 5 800 Random
Shielding % 100% 100 2 Resin was
not cured
Example 21 (Exposed to the 40 100 Metal portion
atmosphere) On resin
Example 22 (No discharge) 10 400 Metal portion
On resin
Example 23 (Oxygen O sccm) 20 200 Metal portion
O resin
Example 24 (Shielding % 0%) 30 150 Metal portion

On resin

With reference to Table 5, 1t can be understood from the
results of Examples 18, 21 and 22 that the adhesion strength
1s greatly enhanced by exposing the surface of the resin thin
f1lm 1n a glow atmosphere containing oxygen. The AC voltage
and the DC voltage applied to the glow atmosphere did not
have a significant difference. However, as seen from the
results obtained 1n Examples 18 and 21, when the glow dis-
charge treatment 1s performed after exposing the surface of
the resin thin film to an atmospheric pressure, the enhance-
ment of the adhesion strength by the glow discharge treatment
1s relatively low.

The results obtained 1n Examples 19 and 23 show that the
adhesion strength 1s greatly enhanced when a small amount of
oxygen was introduced upon UV light curing. However,
when an excessive amount of oxygen 1s introduced, curing of
the resin thin film 1s hindered and therefore a metal thin film
1s formed on an incompletely cured resin thin {ilm, thereby
remarkably deteriorating the adhesion strength. For example,
in the case of Example 19, the load required for separation at
an oxygen flow rate of 100 sccm was merely about 2 g.
Accordingly, the amount of oxygen suitable for enhancing the
adhesion mtensity should be selected 1n accordance with the
used material. Generally, materials such as an acrylic resin,
etc. with radial reaction property i1s prevented from curing
under presence of oxygen. However, the degree thereot varies
depending on the material type (the type and amount of a
monomer, an initiator and an additive).

There 1s no clear reason for the enhancement of the adhe-
stve strength seen 1n Examples 18 and 19. It 1s possible that
the adhesive strength 1s enhanced due to the considerable
amount of oxygen present at the interface between the resin
thin film and the metal thin film. Moreover, 1t 1s also possible
that a combined efiects which includes: the resin thin film
having a smaller degree of curing where a minute amount of
oxygen 1s introduced; the stress not concentrated on the inter-
faces when there 1s internal or external stress; and the high
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oxygen concentration at or near the interfaces. FIG. 30 1s an
example of an Auger depth profile 1n the case of Examples 18
and 22, where changes of peak oxygen concentration 1n
Auger electron spectrum were measured by etching the lami-
nate film from the metal thin film surface side (i.e., anexposed >
surface of metal layer). As can be appreciated from FIG. 30,
the oxygen concentration at the interface between the resin
thin film and the metal thin film of the laminate film according,
to Example 18, which has higher adhesion strength, 1s higher
than an oxygen concentration of the laminate film according,
to Example 22.

FIG. 31 1s a graph showing a relationship between a rela-
tive value of the oxygen concentration and the adhesion
strength at the interface between the resin thin film and the
metal thin film 1n each of Examples 18 through 24. In FI1G. 31,
the relative concentration of oxygen 1s represented by a ratio
of an oxygen concentration in the vicinity of a resin thin film
surface where a metal thin film 1s to be formed to the oxygen
concentration 1n the vicinity of a middle portion of the resin g
thin film (1.e., relative concentration=an oxygen concentra-
tion 1n the vicinity of the interface/the oxygen concentration
in the vicinity of a middle portion of the resin thin film 1n 1ts
thickness direction). As can be understood from FIG. 31,
correlation 1s recognized between the oxygen intensity and 25
the adhesion strength at the interface, suggesting that control-
ling the oxygen concentration at the interface 1s important to
enhanced adhesion strength. FIG. 31 shows that the enhance-
ment of the adhesion strength 1s prominent at the relative
value of the oxygen concentration of about 1.3 or more. The 30
relative intensity of about 1.6 1s more preferable so as to

obtain a sufficiently high adhesion strength of about 1,000 g
or higher.

As can be seen from the results 1n Examples 20 and 24,
when a metal thin film 1s formed on aresin film which 1s cured 35
to a lower degree by partially shielding UV light upon UV
light radiation, the adhesion strength can also be enhanced to
some degree. However, an increase 1n the oxygen concentra-
tion at the interface in the case of Example 20 was not as
successiul as those seen 1n Examples 18 and 19. As can be 40
presumed from FIG. 31, the adhesion strength was enhanced
in Example 20, not only due to the oxygen increase but also
due to factors other than the oxygen increase, for example,
reaction at the end of the curing step proceeded by the heat of
condensation which 1s generated upon the deposition of the 45
metal thin film. In the case where the UV light was completely
shielded, the resin thin film was uncured, thereby rendering
satisfactory adhesion strength unobtainable. The suitable per-
centage of shielding greatly differs depending on the heat of
condensation of the metal materials to be used and the steps 50
for forming the metal thin film (especially, on whether an
clectron beam 1s used or not) and thus requires optimization.
The resin thin film can be suitably cured by using retlecting
clectrons generated when the metal thin film 1s formed by a
clectron beam deposition or by using a method in which the 55
metal thin film 1s formed after radiating electron beam to a
surface of aresin thin film. Furthermore, 1n the case where the
number of the resin thin films and the metal thin films 1n the
laminate thin film according to Example 19 are doubled to be
about 1,000 layers each (about 2,000 layers 1n total) when an 60
oxygen flow rate of 2 sccm was itroduced, an adhesion
strength of about 800 g was obtained in Example 19, when no
oxygen 1s introduced, an adhesion strength of 120 g was
obtained which 1s lower than that obtained in the thin film of
Example 23. This fact indicates that deterioration of adhesion 65
strength due to increased internal stress i1s eflectively
restrained by methods according to the present mnvention.
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According to the third aspect of the present invention, a
laminate film of a resin thin film and a metal thin film can be
obtained, which has excellent adhesion strength. Such a lami-
nate film can realize a high-performance electronic compo-
nent, etc.
|[Electronic Components Using Laminate Film]

Resin thin films and laminate films consisting of resin thin
f1lms and metal thin films according to the present invention
can be widely utilized 1n various fields. Examples of applica-
tions of resin thin films and laminate films include electronic
components such as high-frequency conductors, capacitors
and thin film coils, circuit substrates, protection films, func-
tional films (e.g., an electronic conductive film), etc.

When necessary, a lead electrode may be provided, for
example, by thermal spraying. The obtained lamination layer
may be formed on a substrate, mechanically fabricated and
ctched so as to act as a circuit substrate. For example, a
conductor (shown 1 FIG. 32A) having an excellent high-
frequency characteristics can be formed by laminating metal
thin film layers 35 made of Al, Cu, etc. and resin thin film
layers 34 made of acrylic. Since an extremely thin film can be
obtained according to the present invention, the high-fre-
quency conductors can be thin. For example, the thickness of
the metal thin film layer such as Al1s in arange of about 50 nm
to about 2000 nm and the thickness of the resin thin film layer
1s 1n a range of 0.5 um to 3 um. Accordingly, a conductor that
can withstand stronger bending can be formed, which has
wider applications.

Furthermore, as shown 1in FI1G. 32B, lead electrodes 36 can
be formed by applying, for example, brass by a spraying
method (1.e., a metallikon method). The material used for the
lead electrodes 36 1s not limited, and can be selected depend-
ing on the material used for the metal thin films 35.

Moreover, a multichannel high-frequency conductor can
be formed by forming striped metal thin film layers, for
example, by a tape margin method or a o1l margin method.
According to the tape margin method and the o1l margin
method, a metal thin film with a desired pattern can be formed
by covering regions where the metal thin films are not to be
formed with tapes or o1l so that the unnecessary metal thin
films formed thereon can be removed along with the tapes or
the o1l.

Furthermore, as shown 1in FIGS. 33A and 33B, a small
mass storage capacitor can be realized by alternating leads of
the metal thin film 35. In this case, for example, metal thin
films 35 made of Al can have a thickness of about 20 nm to
about 100 nm and resin thin films 34 can have a thickness of
about 0.05 um to about 1 um. Lead electrodes 36 can be
formed by thermal spraying or by other known methods. By
using an extremely sheer resin thin film with less defects
according to the present mnvention, a capacitor can be pro-
duced which has a greater storage capacitance and a lower
production cost compared with those of a capacitor made
from a conventional polymer film which 1s as thin as about 1
L.

A circuit substrate can be formed by providing a laminate
film according to the present invention on a substrate, and
forming a desired pattern by mechanical fabrication, etching,
or the like. This patterning can be performed by a known
method.

The metal thin film layers can be made of more than one
kind of metal layer. For example, the metal thin {ilm layer can
be made from an Al layer and Cu layer so as to complement
the characteristics thereof and to realize high performance of
a thin film.

A long laminate film formed on a film may be cut 1into a
desired length by using a known cutting device such as a tape
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slitter. Moreover, a plurality of films each with laminate films
may be overlaid with each other and pressed with heat to be
integrated. The integrated laminated film may be cut into
desired pieces by a dicing saw. The cutting step tends to cause
edge dripping of the resin thin film where the cutting starts
and ends. The defect rate caused upon cutting can be reduced
by making one or more layers at regions of the resin thin film
where the cutting starts and ends thicker than the rest of the
region.

According to the present invention, a method and an appa-
ratus for forming a high-quality resin thin film 1s provided.
According to the film formation method of the present inven-
tion, no solvent 1s required and thus superior productivity and
environmental protection can be realized. Further, according
to the method and the apparatus of the present invention, a
resin thin film with excellent flatness and thus high-perior-
mance electronic components can be provided. Moreover,
according to the method and the apparatus of the present
invention, laminate film layers can be produced having strong
adhesion between the film layers and thus highly-reliable
high-performance electronic components can be provided.

Various other modifications will be apparent to and can be
readily made by those skilled 1n the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not imntended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that the
claims be broadly construed.

What 1s claimed 1s:

1. A thin film formation apparatus, comprising;:

a heater having a movable heated surface for carrying a
deposition material 1n a non-vapor state to be deposited
on a deposition surface;

a supplier which vaporizes the deposition material so as to
supply the vaporized deposition material to the movable
heated surface so as to be carried 1n the non-vapor state;

a support body which maintains a substrate with the depo-
sition surface, the support body exposed between a pair
of shielding plates configured to restrain the deposition
material vaporized by the supplier from directly reach-
ing the deposition surface;

wherein the heater 1s configured to deposit the carried
deposition material on the deposition surtace of the sup-
port body by heating and vaporizing the carried deposi-
tion material; and

a curing device which cures the deposition material on the
deposition surface,

wherein the deposition matenal 1s supplied 1n an atomized
or vaporized state at a position of the movable heated
surface where atomized or vaporized deposition mate-
rial from a point at which the deposition maternal 1s
supplied to the movable heated surface does not linearly
reach the deposition surface, and

the supplier comprises at least one of an ultrasonic atom-
1zing device, a mechanical atomizing device; and an
evaporating device.
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2. A film formation apparatus according to claim 1,
wherein the heater comprises a heated surface which rotates
and carries the deposition material supplied to the heated
surface at a position where the deposition material, when
vaporized, directly reaches the deposition surface.

3. A film formation apparatus according to claim 2,
wherein the heater 1s a heated roller having the heated surtace.

4. A film formation apparatus according to claim 2,
wherein the heater 1s a heated belt having the heated surface.

5. A film formation apparatus according to claim 2,
wherein the supplier supplies the deposition material which 1s
in either an atomized state or a vaporized state, to a prescribed
position.

6. A film formation apparatus according to claim 1,
wherein the heated surface of the heater 1s tilted so that the
deposition material supplied to the heated surface tflows, the
deposition material being heated and vaporized while moving
thereon.

7. A film formation apparatus according to claim 6, further
comprising a second heater, the second heater having a first
heated surface which rotates and receives the deposition
material on the first heated surface from the heater and heats
and vaporizes the deposition material while carrying the
deposition material.

8. A film formation apparatus according to claim 7,
wherein the second heater comprises at least one of a heated
roller having a heated surface and a heated belt having a
heated surface.

9. A thin film formation apparatus according to claim 6,
further comprising a vacuum chamber, wherein the vacuum
chamber includes the heater, the support body and the curing
device, and the supplier supplies the deposition material to
the heated surface of the heater from outside of the vacuum
chamber.

10. A film formation apparatus according to claim 1, fur-
ther comprising an obstruction wall between the position
where the deposition material 1s supplied to the heated surface
and the deposition surface, so that the deposition material 1s
prevented from reaching the deposition surface 1n a linear
mannet.

11. A thin film formation apparatus according to claim 1,

turther comprising a container for collecting the deposition
materal.

12. A thin film formation apparatus according to claim 1,
wherein the curing device comprises at least one ofa UV light
radiation device, an electron beam radiation device and a
thermosetting device.

13. A thin film formation apparatus according to claim 1,
wherein the curing device comprises a UV light radiation
device and an oxygen gas inlet provided in the UV light
radiation device.
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